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PREFACE 
This species p r o f i l e  i s  one o f  a ser ies  on coastal aquatic organisms, 
p r i n c i p a l l y  f i s h ,  o f  sport, commercial, o r  ecological  importance. The p r o f i l e s  
are  designed t o  provide coastal managers, engineers, and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive sketch o f  the b i o l o g i c a l  charac te r i s t i cs  and environmental 
requirements o f  the species and t o  describe how populations o f  the species may be 
expected t o  reac t  t o  environmental changes caused by coastal development. Each 
p r o f i  1 e has sections on taxonomy, 1 i f e  h i  story,  ecological  r o l e ,  environmental 
requirements , and economic importance, i f  appl icable.  A t h r e e - r i  ng binder i s  
used f o r  t h i s  ser ies so t h a t  new p r o f i l e s  can be added as they are prepared. 
This p r o j e c t  i s  j o i n t l y  planned and f inanced by the  U.S. Army Corps o f  Engineers 
and the U.S. F ish and W i l d l i f e  Service. 
Suggestions o r  questions regarding t h i s  r e p o r t  should be d i rec ted  t o  one o f  
the f o l  1 owing addresses. 
Informat ion Transfer Special i s t  
National Coastal Ecosystems Team 
U.S. F ish  and W i l d l i f e  Service 
NASA-Slidell Computer Complex 
1010 Gause Boulevard 
S l i d e l l ,  LA 70458 
U.S. Army Engineer Waterways Experiment S ta t ion  
Attent ion:  WESER-C 
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CONVERSION TABLE 
Metr ic t o  U.S. Custmary 
m i l  1 imeters (mn) 
centimeters (cm) 
meters (m) 
k i  1 m e t e r s  ( km) 
2 
square meters (m ) 
square k i  1 m e t e r s  ( bn2) 
hectares (ha) 
l i t e r s  (1)  
cubic meters (m3) 
cubic meters 
m i l  1 igrams [mg) 
grams (g) 
kilograms (k  ) 
met r ic  tons q t )  
me t r i c  tons 
k i  1 ocal o r i  es ( kcal ) 
To Obtain 
f nches 
fnches 
f e e t  
mi l  es 
square f e e t  
square m i les  
acres 
gal 1 ons 
cubic f e e t  
acre-feet 
ounces 
ounces 
pounds 
pounds 
shor t  tons 
B r i t i s h  thermal u n i t s  
Celsius degrees 1.8("C) + 32 Fahrenheit degrees 
U.S. Customary t o  Metr ic 
inches 2 5.40 
Inches 2.54 
f e e t  ( f t )  0.3048 
fathoms 1.829 
m i l e s  (mi) 1.609 
naut ical  mi les (mi) 1.852 
square feet  ( f t 2 )  
ac res 2 
square m i les  (mi ) 
gal 1 ons (gal  ) 
cubic f e e t  ( f t 3 )  
acre-feet 
m i l  1 imeters 
centimeters 
meters 
meters 
k i l  m e t e r s  
k i l  m e t e r s  
square meters 
hectares 
square k i l  m e t e r s  
3.785 1 i t e r s  
0.02831 cubic meters 
1233.0 cubic meters 
ounces (02) 28.35 
pounds ( l b )  0.4536 
shor t  tons ( ton)  0.9072 
B r i t i s h  thermal u n i t s  (Btu) 0.2520 
grams 
ki lograms 
metr ic  tons 
k i  l ocal or1 es 
Fahrenheit degrees 0.5556(OF - 32) Celsius degrees 
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Figure 1. American shad. 
AMERICAN SHAD 
S c i e n t i f i c  name . . . . . . . . - Alosa 
sa id iss ima (Wilson) 
Pre 7%- e r r e  common name . . . . American 
shad (F igure  1) 
Other common names . . . . shad, wh i te  
shad, comnon shad, A t l a n t i c  shad, 
North R ive r  shad, Potomac shad, 
Connecticut R iver  shad, Delaware 
shad, Susquehanna shad, a lose (Scot t  
and Crossman 1973). 
Class . . . . . . . . . . Osteichthyes 
Order . . . . . . . . . . Clupei formes 
Fami 1 y . . . . . . . . . . . C l  upeidae 
Geographic range: The American shad 
i s  n a t i v e  t o  t h e  east  coast  o f  
North America from nor thern  
F l o r i d a  t o  Newfoundland and i s  
most abundant from North Caro l ina  
t o  Connecticut (Figure 2). The 
species i s  anadromous and 1 ives  i n  
fresh-, brackish-, and sa l twater  
dur ing  i t s  var ious l i f e  stages. 
American shad were successfu l ly  
int roduced i n t o  the  Sacramento and 
Columbia Rivers on t h e  P a c i f i c  
coast i n  the  l a t e  1 8 0 0 ' ~ ~  and now 
a re  es tab l  ished from southern 
Cal i f o r n i  a northward t o  Cook 
I n l e t ,  Alaska, and t h e  Kamchatka 
Peninsula on the  A s i a t i c  s ide  of 
t h e  North Pac i f i c .  Attempts t o  
in t roduce American shad i n t o  Lake 
Ontario, t he  M iss i ss ipp i  R iver  
drainage, peninsular  F lor ida ,  and 
Great S a l t  Lake have no t  been 
ATLANTIC OCEAN 
Figure 2. Major spawning r i v e r s  o f  the  Pmerican shad i n  the South ~ t l a n t i  
Region. 
success fu l  ( S c o t t  and Crossman 
1973). M i l l e r t o n  Lake, a rese r -  
v o i r  on t he  San Joaquin R i ve r  
i n  C a l i f o r n i a ,  suppor ts  t h e  
o n l y  known reproducing land locked 
popu1 a t i o n  o f  American shad 
(Lambert e t  a1 . 1980). 
MORPHOLOGY AND IDENTlFICATION AIDS 
The f o l l  owing d e s c r i p t i o n  o f  
American shad i s  summarized f rom 
Hi ldebrand (1963) and S c o t t  and Cross- 
man (1973). 
The American shad i s  t h e  l a r g e s t  
member o f  t h e  h e r r i n g  f a m i l y  (Clupe- 
i dae ) .  Females may reach a t o t a l  
l e n g t h  (TL)  o f  600 mm and a weight  o f  
5.4 kg. The body i s  s lender  and 
s t r o n g l y  compressed; body depth i s  
25-38% o f  s tandard l e n g t h  (SL) and 
increases w i t h  age. The head i s  
b road l y  t r i a n g u l a r ;  t h e  g i l l  membranes 
a re  e n t i r e l y  f r e e  f rom t h e  isthmus. 
The max i l  l a r y  i s  broad and extends t o  
t he  midd le  o f  t h e  eye i n  t h e  young, 
and g e n e r a l l y  t o  below t h e  p o s t e r i o r  
margin o f  t h e  eye i n  adu l t s .  The g i l l  
r ake rs  inc rease  i n  number and 
p ropo r t i ona te  1 ength w i t h  age; adul t s  
u s u a l l y  have 59-73 rake rs  on t h e  
lower l i m b  o f  t h e  f i r s t  g i l l  arch. 
Teeth on t h e  jaws and tongue of young 
shad a r e  l a c k i n g  i n  adu l t s .  The 
American shad has one dorsa l  f i n  
(15-19 r a y s )  o f  moderate he igh t ,  a  
deeply  f o r k e d  caudal f i n ,  and an anal 
f i n  w i t h  18-24 rays.  There a r e  35-38 
we1 1 -developed v e n t r a l  scutes, 19-23 
i n  f r o n t  o f  t h e  p e l v i c  f i n s  and 12-19 
behind. American shad have 53-59 
(usual  l y  55-58) ver tebrae.  
L i v e  specimens have a greenish-  
t o  b l u i s h - m e t a l l i c  l u s t e r  on t h e  back 
and a r e  b r i g h t  s i l v e r  on t h e  s ides.  A 
dark  spo t  on t h e  shoulder,  j u s t  behind 
t h e  p o s t e r i o r  edge of t he  opercul  um. 
i s  u s u a l l y  f o l l owed  by 3 t o  27 smal le r  
spots o r  dots.  There i s  sometimes a 
second row o f  1 t o  16 spots below t h e  
f i r s t ,  and r a r e l y  a t h i r d  row of 2 t o  
9 spo ts  below t h e  second. 
The American shad l a c k s  t h e  
g r e a t l y  e longated l a s t  dorsa l  f i n  r a y  
  resent i n  bo th  t h e  a i z z a r d  shad 
( ~ o r o s o m a  ce edianum) a n i  t h e  thread-  
f m  ( h n s e ) .  It has more . - -  , ~ - ~  - - 
than -55 q i r l  r ake rs  on' t h e  lower  1 imb 
o f  t h e  f i r s t  g i l l  a rch  and u s u a l l y  has 
a t  l e a s t  f o u r  b l ack  spots i n  a h o r i -  
zon ta l  row behind t h e  operculum. The 
congeneric a l e w i f e  (A. seudoharen us )  
and blueback h e r r i n g  (?&) 
have fewer than  55 g i l l  r ake rs  and 
o n l y  one prominent b l ack  spo t  near t h e  
upper r e a r  edge o f  t h e  operculum. The 
h i c k o r y  shad (A. med ioc r i s )  has 18-23 
g i l l  r ake rs  on-the lower  l i m b  o f  t h e  
f i r s t  g i l l  a r ch  and i t  has t e e t h  i n  
t h e  lower jaw a t  a l l  ages (Dahl berg 
1976). I n  a d u l t  American shad, t h e  
max i l  l a r y  extends a t  l e a s t  t o  t he  
p o s t e r i o r  margin o f  t h e  eye, whereas 
i n  t h e  a l e w i f e  and blueback h e r r i n g  i t  
extends o n l y  t o  t h e  m idpo in t  of t h e  
eye. Alosa species have a d i s t i n c t  
median notch i n  t h e  upper jaw which 
separates them f rom o t h e r  C lupe id  
species. 
REASON FOR INCLUSION I N  THIS SERIES 
The American shad has supported 
major  commercial f i s h e r i e s  a long t he  
A t l a n t i c  coas t  s i nce  t h e  e a r l y  1800's 
and was t h e  most va luab le  food  f i s h  
a long t h e  eas t  coas t  be fo re  World War 
I 1  (Rul i f s o n  e t  a1 . 1982). Comnercial 
1  andi  ngs have dec l  i ned sha rp l y  s i nce  
t h e  e a r l y  1900's; t hey  exceeded 50 
m i l l i o n  pounds i n  1896, b u t  f e l l  t o  
about 2 m i l l i o n  pounds i n  1976. I n  
many A t l a n t i c  coas t  r i v e r s  t h a t  s t i l l  
suppor t  runs, t h e  s p o r t  f i s h e r y  f o r  
American shad has become more impor- 
t a n t  than  t h e  commercial f i s h e r y .  
The d e c l i n e  o f  American shad has 
been a t t r i b u t e d  t o  dams, o v e r f i s h i n g ,  
h a b i t a t  des t ruc t i on ,  and po l  1  u t i o n  
(Sholar  1977; R u l i f s o n  e t  a l .  1982). 
D i f f e r e n t  f a c t o r s  have been blamed i n  
d i f f e r e n t  r i v e r  systems and i n  some 
ins tances  t h e  combined e f f e c t s  o f  
severa l  f a c t o r s  may be respons ib le ;  
however, data a r e  t o o  scarce t o  
s a t i s f a c t o r i l y  exp la in  the  d r a s t i c  
reduc t i on  i n  t he  shad populat ion. 
Because the  American shad i s  an 
anadromous f i s h ,  i t  i s  suscept ib le  
t o  per tu rbat ions  o f  freshwater, 
estuar ine,  and marine hab i ta t s ,  and 
the  needs o f  t h e  species should be 
considered i n  r i v e r i n e  and coasta l  
development p ro jec t s .  
LIFE HISTORY 
The 1 i f e  h i s t o r y  o f  American shad 
on the  A t l a n t i c  coast  was summarized 
by Wal burg and N icho ls  (1967). U l r i c h  
e t  a l .  (1979a) and Ru l i f son  e t  a l .  
(1982) provided updated 1  i f e  h i s t o r y  
reviews f o r  t h e  species i n  the  south- 
eastern Uni ted States. Much o f  the  
in fo rmat ion  i n  t h i s  sec t i on  was taken 
from these two references. 
Adu l t  M ig ra t i on  and Spawning 
The f o l l o w i n g  o f f sho re  m ig ra to ry  
pa t te rns  f o r  t he  a d u l t  American shad 
were proposed by Neves and Depres 
(1979) and a r e  based on f i e l d  surveys 
and an ex tens ive  review o f  t he  
l i t e r a t u r e .  I n  the  sp r i ng  a f t e r  
spawning, a d u l t  shad probably migra te  
t o  t he  G u l f  o f  Maine o r  t o  an area 
south o f  Nantucket Shoals ( o f f  
southern New England) where they  
remain through the  sumer  and e a r l y  
fa1 1. These o f f sho re  waters a re  50 t o  
100 m deep, and the  water  tempera- 
t u res  range from 3" t o  15" C. I n  
f a l l  and w in ter ,  schools o f  a d u l t  
f i s h  g radua l l y  move southward and 
overwin ter  o f f sho re  between Long 
I s l a n d  and Nantucket Shoals. They a l s o  
tend t o  congregate i n  Middle A t l a n t i c  
coas ta l  waters du r ing  l a t e  w i n t e r  and 
spr ing.  Shad t h a t  were spawned near 
t he  nor thern  range o f  t h e i r  d i s t r i -  
bu t io t ,  move northward a long the  coast  
as waters warm above 3" C. The south 
At1 a n t i c  populat ions migra te  southward 
along the  coast  ( w i t h i n  the  15" C 
i sotherm), thereby reaching t h e i r  home 
r i v e r s  by l a t e  w i n t e r  o r  e a r l y  spr ing.  
Most American shad r e t u r n  t o  
t h e i r  na ta l  streams t o  spawn. 
S i g n i f i c a n t  d i f f e rences  i n  morpho- 
l o g i c a l  characters among shad from 
d i f f e r e n t  A t l a n t i c  coas ta l  r i v e r s  
support  the  b e l i e f  t h a t  t he re  a re  
d i s c r e t e  spaWqing populat ions (see 
Wal burg and N icho ls  1967). A1 though 
t h i s  homing tendency i s  s t rong , some 
i n d i v i d u a l s  ascend o ther  r i v e r s  t o  
reproduce. The homing behavior o f  t he  
shad i n  t he  Connecticut R iver  may be 
r e l a t e d  t o  o l f a c t i o n  and o r i e n t a t i o n  
t o  t he  r i v e r  cu r ren t  (Dodson and 
Legget t  1974). These mechanisms 
probably ho ld  f o r  o ther  shad 
populat ions as we l l .  
Water temperature changes are  
p a r t l y  respons ib le  f o r  the  t i m i n g  o f  
t he  spawning migra t ion ;  most shad 
en te r  r i v e r s  when water temperatures 
are  betwen 10" and 15" C (Legget t  and 
Whitney 1972). I n  t he  St. Johns 
River, F lo r i da ,  t he  m ig ra t i on  usual l y  
peaks i n  January when the  water  
temperature i s  about 15" C ( U l r i c h  e t  
a l .  1979a). I n  general, t he  peak o f  
t h e  spawning m ig ra t i on  becomes pro- 
g ress i ve l y  l a t e r  i n  t he  year from 
south t o  nor th.  
Along the  South A t l a n t i c  B i g h t  
American shad begin t h e i r  spawning 
m ig ra t i on  i n  r i v e r s  du r i ng  w in te r  and 
e a r l y  spr ing.  They begin t o  move up 
the  St. Johns River ,  F lo r i da ,  as e a r l y  
as November, peaking from mid-January 
t o  mid-February (Ul  r i c h  e t  a1 . 1979a). 
The spawning run  begins i n  e a r l y  
January i n  Georgia and South Caro l ina  
and i n  January and February i n  North 
Caro l ina  ( U l r i c h  e t  a l .  1979a; Sholar  
1977). Some spawning runs may 
cont inue as l a t e  as A p r i l  o r  May. I n  
eastern Canada, some shad do n o t  en te r  
r i v e r s  u n t i l  e a r l y  June (Walburg and 
Nichol  s  1967). 
American shad u s u a l l y  spawn i n  
f reshwater  over subst ra tes  o f  sand, 
gravel ,  and mud (Ru l i f son  e t  a1 . 1982; 
S t i e r ,  i n  press) .  Spawning probably 
begins i n  l a t e  a f te rnoon o r  evening 
and continues u n t i l  about midn igh t  
( U l r i c h  e t  a l .  1979a). D iurna l  the  Gu l f  o f  Maine (Walburg and Nichols 
spawning has a l so  been repor ted i n  1967). 
t u r b i d  r i v e r s  (Chi t tenden 1976a). 
American shad u s u a l l y  spawn a t  
water temperatures o f  14' t o  21' C 
(extremes 8' t o  26' C) and requ i re  
d issolved oxygen concentrat ions o f  a t  
l e a s t  5.0 mgi l  (Walburg and Nichols 
1967). 
The fecund i t y  o f  American shad 
va r ies  among na ta l  r i v e r s  and the  age 
o f  t he  f i s h .  The range i s  about 
100,000 t o  600,000 eggs per female 
(Cheek 1968). Legget t  and Carscadden 
(1978) showed t h a t  fecundi  t i e s  along 
the  east  coast  decreased from south t o  
no r th  (Table 1) .  The fecund i ty  o f  
shad o f f sho re  from North Carol ina 
ranged from 197,000 t o  457,000 eggs 
per female and increased w i t h  s i z e  and 
age. 
Most American shad from r i v e r s  i n  
the  southeastern Uni ted States d i e  
a f t e r  they spawn, b u t  t he  occurrence 
o f  repeat  spawners may exceed 60% i n  
northeastern r i v e r s  (Table 2). Repor- 
ted  percentages o f  repeat  spawners are 
near zero f o r  r i v e r s  south o f  the  
Neuse River, North Caro l ina  (Table 2). 
More recent  evidence, however, i ndi  - 
cates t h a t  these r i v e r s  may have a few 
repeat  spawners (J. W. McCord, South 
Carol ina Wild1 i f e  and Marine Resources 
Department, Char1 eston; personal 
comnunication). Adu l ts  t h a t  surv ive  
spawning move downriver and migra te  t o  
Eggs and Larvae 
U n f e r t i  1 i zed American shad eggs 
are pa le  amber o r  p ink  t ransparent  
spheres about 1.27 mn i n  diameter 
( U l r i c h  e t  a l .  1979a). A f t e r  f e r t i -  
1 i z a t i o n  and water hardening, t he  
diameters increase t o  about 2.5-3.8 mm 
(Walburg and Nichols 1967). The eggs 
are s l  i g h t l y  heavier  than water, 
nonadhesive, and requ i re  water cur-  
ren ts  s u f f i c i e n t  t o  buoy the  eggs 
dur ing  incubat ion.  Shad eggs general - 
l y  hatch i n  4-6 days a t  15'-18' C, b u t  
the  length  o f  t he  incubat ion  per iod  
depends on water temperature (see 
ENVIRONMENTAL REQUIREMENTS sec t i on  f o r  
f u r t h e r  d e t a i l s ) .  
The la rvae  o f  American shad are  
about 7-10 mm l ong when they hatch 
(Walburg and Nicho ls  1967). On t h e  
second o r  t h i r d  day a f t e r  hatching, 
small t ee th  appear on the  lower jaw 
and i n  the  pharynx, and t h e  yo1 k i s  
usua l l y  absorbed b the  f i f t h  day 
( U l r i c h  e t  a1. 1979af. Feeding begins 
between the  10th and 12th days, and 
growth i s  f a i r l y  rap id .  Larvae 
develop i n t o  j uven i l es  a f t e r  4-5 weeks 
when they are about 25 m long 
(Walburg and Nichols 1967). 
Table 1. Mean v i r g i n  ( f i r s t  spawn) and l i f e t i m e  fecund i t i es  o f  American shad 
from f i v e  A t l a n t i c  coast  r i v e r s  (Legget t  and Carscadden 1978). 
Locat ion 
Thousands o f  eggs 
L i f e t i m e  
l4iramich.i River, New Brunswick 
St. John River, New Brunswick 
Connecticut River, Connecticut 
York River, V i r g i n i a  
St. Johns River, F l o r i d a  
Table 2. Percent  o f  American shad t h a t  spawn more than once i n  A t l a n t i c  coas t  
r i v e r s .  
Loca t i on  
Repeat 
spawners (%)  Source 
St.  John R iver ,  New Brunswick 
Connect icut  River ,  Connect icut  
Hudson River ,  New York 
Susquehanna R iver ,  Mary1 and 
James R iver ,  V i r g i n i a  
Chowan River ,  No r th  Ca ro l i na  
Neuse R iver ,  No r th  Carol  i n a  
Cape Fear R iver ,  No r th  Ca ro l i na  
E d i s t o  R iver ,  South Ca ro l i na  
Ogeechee R i  ve r  , Georgia 
St .  Johns R iver ,  F l o r i d a  
Legget t  and Carscadden (1978) 
Legget t  and Carscadden (1978) 
Legget t  and Carscadden (1978) 
Legget t  and Carscadden (1978) 
Legget t  and Carscadden (1978) 
Hol l and  and Ye1 ve r ton  (1973) 
Hawkins (1980) 
F i  scher (1980) 
Legget t  and Carscadden (1978) 
Legget t  and Carscadden (1978) 
Legget t  and Carscadden (1978) 
Juven i l es  and Adu l t s  
J u v e n i l e  American shad u s u a l l y  
fo rm schools and g r a d u a l l y  move down- 
r i v e r  a t  a  r a t e  d i c t a t e d  by water  
temperature and c u r r e n t  v e l o c i t y  
(W i l l i ams  and Bruger 1972; S t i e r ,  i n  
press) .  Downstream p o r t i o n s  o f  
r i v e r s ,  t i d a l  l y  i n f l uenced  f reshwater  
zones, and e s t u a r i e s  a re  used as 
nursery  areas ( R u l i f s o n  e t  a l .  1982). 
Juven i l es  grow r a p i d l y  and commonly 
exceed 90 mrn t o t a l  l e n g t h  when they  
beg in  m i g r a t i n g  t o  t h e  sea (see Rul i f -  
son e t  a l .  1982). Emigra t ion  from 
r i v e r s  u s u a l l y  begins when water  
temperatures drop below 15.5" C 
(Walburg and N i cho l s  1967), b u t  juve-  
n i l e s  i n  some no r the rn  popu la t ions  may 
remain i n  r i v e r s  and e s t u a r i e s  
throughout  t h e  f i r s t  w i n t e r  ( S t i e r ,  i n  
p ress) .  I n  t h e  sea, t h e  j u v e n i l e s  
m ig ra te  t o  t h e  Bay o f  Fundy and then 
t o  t h e  G u l f  o f  Maine where they  j o i n  
t h e  a d u l t s  each sumner (Dadswell e t  
a1 . 1983). They probably  move south- 
ward and spend t h e  w i n t e r  i n  t h e  mid- 
A t l a n t i c  area (Neves and Depres 1979). 
American shad from Nor th  Ca ro l i na  
become sexua l l y  mature when they  a re  3 
t o  5 years o l d  (Sho la r  1977). Catch 
da ta  f rom southern r i v e r s ,  i n  which 
repeat  spawners a re  ra re ,  show t h a t  
most spawning males a re  3-5 years o l d  
and most females a r e  4-6 years  o l d  
(Loesch e t  a l .  1977; F i sche r  1980; 
Hawkins 1980; Rul i f s o n  e t  a1 . 1982). 
GROWTH CHARACTERISTICS 
American shad t h a t  spawn i n  
southeastern r i v e r s  u s u a l l y  a re  3-6 
years  o l d  and reach 400-525 mm f o r k  
leng th .  Because few f i s h  s u r v i v e  t o  
spawn again, t h e i r  l i f e  span i s  
s h o r t e r  than t h a t  o f  shad i n  no r the rn  
populat ions.  The age o f  American shad 
can be determined from scales, which 
show growth r i n g s  as w e l l  as marks 
t h a t  correspond t o  spawning m ig ra t i ons  
(Judy 1961). The average s i z e  a t  a  
g i ven  age i s  f a i r l y  c o n s i s t e n t  among 
shad f rom d i f f e r e n t  r i v e r s  i n  t h e  
South A t l a n t i c  (Tab le  3 ) .  Females 
tend t o  be l a r g e r  than males o f  t h e  
same age. Ho l land  and Ye lver ton  
(1973) p r e d i c t e d  age (A) f rom f o r k  
l e n g t h  (FL, cm) f o r  American shad 
(sexes combined) f rom o f f s h o r e  Nor th  
Carol i na as : 
Table 3. Age and mean fo rk  l e q g t h  (mm) o f  American shad caught i n  r i v e r s  o f  t h e  
South A t l a n t i c .  
Age group 
Locat ion  Sex I I 1  I 1 1  I V  V V I  V I I  V I I I  Source 
Pam1 i c o  Sound 
and River ,  
Nor th  Carol i na 
Neuse River ,  
Nor th  Ca ro l i na  
Cape Fear River ,  
Nor th  Carol i n a  
Santee R iver ,  
South Carol i na 
Savannah River ,  
South Carol i na /  
Georgia 
St. Johns River ,  
F l o r i d a  
Hawki ns 
(1980) 
Hawki ns 
( 1980) 
F i  scher 
( 1980) 
U l r i c h  e t  
a l .  (1983) 
U l r i c h  e t  
a l .  (1983) 
a ~ s  c i t e d  by Ho l land and Ye lver ton  (1973). 
They a l so  p red i c ted  body weight  (W, 
kg) f rom FL (cm) as: 
Fork l e n g t h  (cm)-weight ( g )  regress ion  
equations f o r  f i s h  taken from 
d i f f e r e n t  areas i n  South Caro l ina  were 
W = 88.29 FL - 2509.31 f o r  males and W 
= 111.87 FL - 3390.58 f o r  females (N. 
C. Jenkins, South Caro l ina  Wild1 i f e  
and Marine Resources Department, 
Char1 eston; personal communication). 
Regressions by sex f o r  s p e c i f i c  r i v e r  
systems i n  South Caro l ina  were 
publ ished by U l r i c h  e t  a l .  (1979b). 
Walburg (1956) found t h a t  j u v e n i l e  
shad from s i x  r i v e r s  a long the  
A t l a n t i c  coast  f rom F l o r i d a  t o  
Connect icut  were s i m i l a r  i n  s i z e  
d u r i n g  l a t e  summer, even though they 
spawned e a r l i e r  i n  t he  south than i n  
t h e  nor th.  
COMMERCIAL AND SPORT FISHERIES 
Stock Abundance 
H i s t o r i c a l l y ,  t h e  A t l a n t i c  coast  
f i s h e r y  f o r  American shad has been 
one o f  t h e  most impor tan t  anadromous 
f i s h e r i e s  i n  North America (Rul i f s o n  
e t  a l .  1982). By t h e  mid 17001s, shad 
supported p r o f  i tab1 e f i sher ies  f rom 
t h e  Chesapeake Bay t o  Maine. I n  t he  
e a r l y  18001s, access t o  nor thern  
markets was improved by advances i n  
t r anspo r ta t i on ,  and shad f i s h e r i e s  
became impor tan t  as f a r  south as 
F l o r i d a .  Shad increased i n  economic 
importance d u r i n g  t h e  1800's and 
supported f i s h e r i e s  i n  every Sta te  
along t h e  A t l a n t i c  coast. Since t h e  
reco rd -se t t i ng  catch o f  more than 50 
m i l l  i o n  pounds i n  1896, annual land- 
i ngs  genera l l y  decl ined.  The repor ted  
catch f o r  1976 was about 2 m i l l i o n  
pounds (NMFS 1980). 
Corrmercial f i s h e r i e s  f o r  shad 
i n  southeas t e r n  coasta l  r i v e r s  have 
shown the  same h i s t o r i c a l  decl  ines. 
The North Caro l ina  shad harvest  peaked 
near 9 m i l l i o n  pounds i n  1896, b u t  
dec l ined t o  l ess  than 200,000 pounds 
i n  1980 (Table 4) .  The catch i n  
Georgia exceeded 1.3 m i l l i o n  pounds i n  
1908, bu t  was l ess  than 200,000 pounds 
i n  1981. The t rend  has been the  same 
i n  South Carol ina and F lor ida .  
Increased 1 andi ngs a f t e r  1977 (see 
Table 4)  may have been p a r t l y  due t o  
c o l l e c t i o n  o f  more accurate catch data 
(e.g., U l r i c h  e t  a l .  1983). 
A survey o f  1 icensed shad f i s h e r -  
men i n  South Caro l ina  showed t h a t  l ess  
than 5% r e l i e d  on comnercial f i s h i n g  
t o  make a l i v i n g ,  and t h a t  even these 
fishermen der ived l ess  than 10% o f  
t h e i r  annual income from shad f i s h i n g  
( U l r i c h  e t  a l .  1979a). Most o f  those 
surveyed f i shed  o n l y  f o r  rec rea t i on  
and home consumption. Among Georgia 
shad f ishermen surveyed du r ing  1980- 
1982, about 12% ind i ca ted  t h a t  they 
der ived a t  l e a s t  50% o f  t h e i r  income 
Table 4. Comnercial landings (thousands o f  pounds) and dockside value (thousands 
of d o l l a r s )  o f  American shad i n  t h e  South A t l a n t i c  States, 1960-1962 ( U l r i c h  e t  
a l .  1979a; Hawkins 1980; Ru l i f son  e t  a l .  1982; Essig 1983; unpubl ished data, 
Georgia Department o f  Natural  Resources and U.S. Nat ional  Marine F isher ies  
Serv ice)  . 
North Carol i na South Carol i n a  F F l  o r i  da Year Landings Value Landings Value Lan ings  Value ~a-Value 
income from some form o f  commercial 
f i s h i n g  (Essig 1983). 
The major shad-producing r i v e r s  
i n  North Carol i na are the Tar-Pam1 ico, 
the Cape Fear, the Northeast Cape 
Fear, the Chowan, and the Neuse. A t  
one time, the Neuse River was consid- 
ered t o  be the most important shad 
stream between the S t .  Johns River, 
Flor ida,  and the James River, V i r g i n i a  
(Walburg and Nichols 1967; Rul i fson e t  
a l .  1982). The p r inc ipa l  shad produc- 
i n g  area i n  South Carol ina i s  Winyah 
Bay and i t s  major t r i b u t a r i e s ,  the 
Waccamaw and Pee Dee Rivers ( U l r i c h  e t  
a1 . 1979a). .Other waters support ing 
shad f i s h e r i e s  are the Santee River, 
Charleston Harbor (and i t s  t r i b u -  
ta r ies ,  the Cooper and Ashley Rivers), 
the Edis to  River, and the Combahee, 
Ashepoo, and Coosawhatchie Rivers. 
The Savannah River supports shad runs 
t h a t  b e n e f i t  fishermen from both South 
Carol ina and Georgia. Besides the 
Savannah River, Georgia shad fishermen 
use the Ogeechee, A1 tamaha, Sat i  11 a, 
and S t .  Marys Rivers. The Altamaha 
now supports Georgia's l a rges t  shad 
f i s h e r y  (Michaels 1980), f o l l  owed 
c lose ly  by the Savannah River f i s h e r y  
(Essig 1983). Most shad f i s h i n g  i n  
F lo r ida  i s  i n  the S t .  Johns River. 
Gear 
-
From about 1960 t o  1970, North 
Carol ina shad fishermen p r i m a r i l y  used 
d r i f t  and anchored g i l l  nets (56%), 
pound nets (41%), and haul seines (3%) 
(Shol a r  1977). The predominant gear 
a t  the t u r n  o f  the century was pound 
nets. G i l l  nets have recent ly  become 
the major gear because o f  the 
increased e f f i c i e n c y  o f  nylon monof il- 
ament twine and low cost  compared t o  
pound nets and seines (Sholar 1977). 
Shad fishermen i n  South Carol ina 
have used a v a r i e t y  o f  f i s h i n g  gear 
over the years. G i l l  nets have been 
used since the l a t e  1800's. Seines, 
d i p  nets, cast  nets, and fyke nets 
have been popular w i t h  some fishermen 
a t  one time o r  another, bu t  d r i f t  and 
s e t  g i l l  nets are now the on ly  gear 
f ished comnercial ly ( U l r i c h  e t  a l .  
1979a). 
G i l l  nets also have been the 
preferred gear o f  shad fishermen i n  
Georgia since the l a t e  1800's; bow 
nets, pound nets, and fyke nets also 
have been used. Since the 19601s, 
commercial shad f i s h i n g  i n  Georgia has 
been p r i m a r i l y  accomplished w i t h  g i l l  
nets; d r i f t  g i l l  nets are preferred 
over s e t  g i l l  nets. D r i f t  g i l l  nets 
accounted f o r  82% o f  the Georgia shad 
landings i n  1979-1982 (Essig 1983). 
Some fishermen s t i l l  use hand l i n e s  
and o t t e r  t rawls.  
Commercial shad f i s h i n g  i n  F lo r ida  
i s  r e s t r i c t e d  t o  g i l l  n e t t i n g  and 
angl ing (Capt. L. Shelfer, F lo r ida  
Marine Pat ro l ,  personal communi- 
ca t ion ) .  
Management 
I n  North Carolina, f i s h i n g  f o r  
American shad i s  heaviest i n  January 
through A p r i l  ; there are no closed 
seasons (Rul i fson e t  a l .  1982). The 
open season f o r  shad f i s h i n g  i n  South 
Carol ina var ies somewhat among the 
r i ve rs ,  bu t  general ly  f i s h i n  i s  lega l  
from February 1 t o  A p r i l  30 TUl r ich  e t  
a1 . 1979a). The season i n  Georgia i s  
closed from May 1 through December 31. 
The open season i s  establ ished each 
year by the Comnissioner o f  Natural 
Resources, w i t h i n  the per iod January 1 
- A p r i l  30 (R. J. Essig, Georgia 
Department o f  Natural Resources, 
personal comnuni cat ion) .  F lo r ida  
waters are closed t o  shad f i s h i n g  
between March 15 and November 15, and 
the open season general ly  extends from 
December 31 t o  March 1 (Capt. L. 
Shelfer, F lo r ida  Marine Pat ro l  ; 
personal comnunication). 
The minimum lega l  mesh s i ze  f o r  
comnerical g i  11 n e t t i n g  o f  American 
shad i n  South A t l a n t i c  States i s  
between 11.4 and 14.0 cm (s t re tch  
mesh). Regulations cont ro l  1 i n g  the 
number and length o f  nets and lega l  
f i s h i n g  hours and days vary  w i t h i n  and 
among r i v e r  systems. 
The Spor t  F i she ry  
Spor t  f i s h i n g  f o r  American shad 
w i t h  hook and 1  i n e  i s  common i n  t h e  
Cape Fear and Tar  R ivers  i n  Nor th  
Ca ro l i na  (Sho la r  1977). I n  l a t e  
w in te r ,  d r i f t  g i l l  n e t t i n g  f o r  Ameri- 
can shad, h i c k o r y  shad, and blueback 
h e r r i n g  i s  a  popular  s p o r t  i n  t h e  
Neuse River ,  Nor th  Ca ro l i na  (Hawkins 
1980). Spor t  f ishermen i n  South 
Ca ro l i na  and Georgia o f t e n  f i s h  f o r  
American shad w i t h  smal l  a r t i f i c i a l  
l u r e s  such as shad d a r t s  o r  smal l  
spoons ( U l r i c h  e t  a l .  1979a). Bow 
ne ts  a l s o  a re  used f o r  s p o r t  f i s h i n g  
i n  South Ca ro l i na  and Georgia. The 
American shad has become a  popular  
s p o r t  f i s h  i n  some F l o r i d a  r i v e r s ,  
p a r t i c u l a r l y  t h e  S t .  Johns ( W i l l  iams 
e t  a l .  1975). 
Popu la t ion  Dynamics 
S e l e c t i v e  f i s h i n g  f o r  females and 
general overexp lo i  t a t i o n  a r e  problems 
i n  many r i v e r s  a long t h e  South 
A t l a n t i c  States.  Mature female shad 
( " roe "  shad) a re  wor th  about  t w i c e  as 
much pe r  pound as males ("buck" shad) 
because t h e  eggs a re  h i g h l y  sought as 
food by consumers ( U l r i c h  e t  a l .  
1983). Fishermen t y p i c a l l y  d i r e c t  
t h e i r  f i s h i n g  toward t he  more va luab le  
roe shad, which cou ld  reduce egg pro-  
duc t i on  and p o t e n t i a l  r e c r u i  tment. 
Th i s  s e l e c t i v i t y  f o r  females a l s o  
b iases est imates o f  popu la t i on  sex 
r a t i o s  t h a t  a r e  based on commercial 
ca tch  s t a t i s t i c s .  Samples o f  shad 
taken by haul se ine  i n  t h e  Northeast  
Cape Fear R i v e r  i n d i c a t e d  a  
ma1e:female r a t i o  o f  4.7: l .  Sho la r  
(1977) suggested t h a t  t h e  f i s h e r y  may 
be o v e r e x p l o i t i n g  t h e  females. 
Overexpl o i  t a t i o n  o f  females cou ld  
s e r i o u s l y  a f f e c t  r ec ru i tmen t  i n  f u t u r e  
years. I n  t h e  Connect icut  River ,  64% 
o f  t h e  annual v a r i a t i o n  i n  j u v e n i l e  
shad p roduc t i on  was r e l a t e d  t o  t h e  
number o f  a d u l t s  reaching t h e  spawning 
grounds (Marcy 1976). Legget t  (1976) 
r e l a t e d  t h e  number o f  a d u l t s  t h a t  
reached spawning grounds i n  t h e  Con- 
n e c t i c u t  R i v e r  w i t h  rec ru i tmen t  i n  t h e  
nex t  year  as: 
R = Ne 0.7118(1-N/86.59) Y 
where N  was t h e  number o f  eggs pro- 
duced by t h e  paren t  stock, and R was 
rec ru i tmen t  . 
Shad ha rves t  i n  t h e  southeastern 
s t a t e s  gene ra l l y  i nc l udes  males t h a t  
a r e  4-5 years  o l d  and females 5-6 
years o l d  (Tab le  5). However, i n  t h e  
A1 tamaha River ,  Georgia, and t h e  St. 
Johns River ,  F l o r i da ,  3-year-o ld males 
c o n t r i b u t e  a  major  share o f  t h e  catch. 
Rates o f  annual f i s h i n g  m o r t a l i t y  f o r  
American shad vary  from 15% t o  66% i n  
southeastern r i v e r s  (Tab le  6 ) .  
ECOLOGY 
Feedi n q  
American shad consume a  v a r i e t y  
o f  i n v e r t e b r a t e  organisms; smal l  
f i s h e s  a re  an impor tan t  p a r t  o f  t h e  
d i e t  i n  some areas. Shad l a r v a e  (14- 
28 mm long )  i n  t h e  Connect icut  R i v e r  
above Holyoke Dam, Massachusetts, 
ma in l y  consumed c y c l  opoid copepods , 
midge la rvae ,  midge pupae, and Da h n i a  
(Levesque and Reed -* 
e i 1 e s  i n  t h e  same area a t e  
crustacean zooplankton, midge 1  arvae 
and pupae, caddis  f l y  la rvae ,  and 
a d u l t  insec ts .  These f i n d i n g s  l e d  
Levesque and Reed (1972) t o  conclude 
t h a t  j u v e n i l e  shad probably  a re  
o p p o r t u n i s t i c  feeders, a1 though they  
s e l e c t  most o f  t h e i r  food from t h e  
water  column, r a t h e r  than  f rom t h e  
bottom o r  near t h e  sur face.  
The stomach contents (volume) o f  
j u v e n i l e  shad i n  two t r i b u t a r i e s  o f  
t h e  York River ,  V i r g i n i a ,  were 1% 
amphipods, 28% aqua t i c  insec ts ,  and 
71% t e r r e s t r i a l  i nsec t s  (Massmann 
1963). The mean volume o f  food pe r  
i n d i v i d u a l  shad was seven t imes 
Table 5. Age composi t ion (%)  o f  American shad popu la t ions  i n  r i v e r s  o f  t h e  South 
A t l a n t i c  B igh t .  
R i v e r  system Age group 
and yea r  Sex T I  I 1 1  I  V  V  V I  V I I  V I I I  Source 
A1 bemarl e Sound 
1978 
Johnson e t  a l .  
( 1978) 
Neuse R i v e r  
1977-1979 
Hawkins (1980) 
Cape Fear R i v e r  
1978-1979 
F i  scher (1980) 
Waccamaw-Pee Dee 
dra inage 1982 
U l r i c h  e t  a l .  
( 1983) 
E d i s t o  R i v e r  
1982 
U l r i c h  e t  a1 . 
( 1983) 
Savannah R i ve r  
1982 
U l r i c h  e t  a1 . 
( 1983) 
Godwi n ( 1968) A1 tamaha R i ve r  
1967-1968 
St .  Johns R i v e r  
1973 
W i l l i ams  e t  
a l .  (1975) 
Table 6. F i s h i n g  m o r t a l i t y  r a t e s  o f  American shad i n  southeastern r i v e r s  ( f rom 
Rul i f s o n  e t  a1 . 1982). 
R i v e r  system Year Mor ta l  i t y  (%)  Source 
Neuse R iver ,  No r th  Carol i n a  1957 65 .O Wal burg (1956) 
Waccamaw-Pee Dee 1974 
sys tem, South Carol i na 1975 
1976 
33.9 Crochet e t  a l .  
29.0 (1976) 
18.5 
20.0 Wal burg (1956) E d i s t o  R iver ,  South Ca ro l i na  1955 
Ogeechee River ,  Georgia 1954 66 .O Sykes (1956) 
Altamaha R iver ,  Georgia 1967 
1968 
48.6 Godwin (1968) 
43.3 
St.  Johns R iver ,  F l o r i d a  1960 15.0 Wal burg (1960) 
greater  a t  u p r i v e r  s ta t ions ,  where 
t e r r e s t r i a l  insects  were t h e  pre- 
dominant food, than a t  downriver 
s ta t ions ,  where aquat ic  insects  were 
the  p r i n c i p a l  food. Massmann (1963) 
cautioned aga ins t  es t imat ing  p o t e n t i a l  
f i s h  product ion s o l e l y  from data on 
plankton and benthos because the 
most important  prey i n  h i s  study came 
from wooded areas border ing the  r i v e r  
and n o t  from the r i v e r  i t s e l f .  
Walburg (1956) compared the  food o f  
j u v e n i l e  shad caught dur ing  August 
from the St. Johns River, F lor ida ,  
Ogeechee River, Georgia, Neuse River, 
North Carol ina, Pamunkey River, 
V i rg in ia ,  Hudson River,  New York, and 
the Connecticut River, Connecticut. 
Insects  and crustaceans were the  
primary food (by frequency o f  occur- 
rence) i n  a l l  r i v e r s .  Juven i le  shad 
a l so  ea t  small f i shes.  O f  15 juve- 
n i l e s  (87-141 mn long) caught o f f  the  
North Carol ina coast, 12 had a t  l e a s t  
one s t r i p e d  anchovy (Anchoa hepsetus) 
i n  t h e i r  stomachs -land and 
Ye1 verton 1973). Juveni 1  e  shad (73-88 
mn long) from the  St. Johns River, 
F lor ida ,  fed  on the  la rvae o f  bay 
anchovies (Anchoa m i  t che l  1  i )  and 
mosqui t o f  i s h  ( G a m b u i f f  i n i s )  
(Wi l l iams and i rum). Juveni le  
shad begin feeding i n  the  l a t e  
afternoon; feeding i n t e n s i t y  i s  
g reates t  dur ing  the  e a r l y  evening and 
decl ines from midn ight  t o  midday 
(Massmann 1963; Levesque and Reed 
1972). 
When a d u l t  American shad are  o f f -  
shore, they are  be l ieved t o  be plank- 
t i vorous,  consuming mainly copepods , 
mysids, and o ther  zoopl ankters ( H i  lde-  
brand 1963; Vinogradov 1981; Rul i f s o n  
e t  a l .  1982; S t i e r  i n  press). The 
stomachs o f  a l l  41 adu l t s  caught o f f  
t he  coast  o f  North Carol ina con- 
ta ined zooplankton, i nc lud ing  amphi- 
pods, copepods , isopods , cumaceans , 
and l a r v a l  decapods (Holland and 
Yelverton 1973). F ish  remains i n  
39 stomachs ind i ca ted  t h a t  a d u l t  shad 
are  n o t  exc lus i ve l y  p l  anktivorous. 
Vinogradov (1981) showed t h a t  the  
types o f  zooplankton eaten by a d u l t  
shad i n  Nantucket Shoals var ied  w i t h  
the  t ime o f  day. Adu l t  shad u s u a l l y  
do no t  feed w h i l e  migra t ing  upstream 
t o  spawn (Ru l i f son  e t  a l .  1982; 
Chittenden 1976b). 
Po ten t i a l  Competitors 
Domermuth and Reed (1980) evalu- 
ated the  p o t e n t i a l  f o r  food competi- 
t i o n  among sympatric j u v e n i l e  American 
shad, juven i  1  e  b l  ueback her r ing ,  and 
pumpkinseed sunfish (Lepomis i bbosus) 
i n  the  Connecticut River, h assac u- 
se t t s .  They repor ted t h a t  prey selec- 
t i o n  o r  fo rag ing l oca t i ons  d i f f e r e d  
among the  species. Pumpkinseeds a t e  
main ly  benthic prey and were, there-  
fore,  n o t  d i r e c t l y  competing w i t h  the  
clupeids, which fed  mainly on plank- 
ton  and d r i f t  organisms. C l  adocerans 
made up near l y  30% (by volume) o f  t he  
stomach contents o f  the  shad and 47% 
o f  the d i e t  o f  t he  herr ing,  b u t  com- 
p e t i t i o n  was probably 1  i g h t  because 
the  two c lupeids tended t o  consume 
cladocerans from d i f f e r e n t  fami 1  ies.  
Copepods made up less  than 2% o f  t he  
d i e t  o f  shad b u t  nea r l y  18% o f  t he  
d i e t  o f  her r ing .  
Chironomid la rvae and pupae made 
up 53.2% and 35.0% of t he  d i e t  o f  shad 
and her r ing ,  respect ive ly ,  b u t  s ince 
chironomids were h i g h l y  abundant i n  
the  r i v e r ,  t he  shar ing o f  t h i s  food 
resource by shad and h e r r i n g  probably 
had no adverse e f f e c t  on e i t h e r  
species. T e r r e s t r i a l  a d u l t  insects  
cont r ibu ted 15% o f  t he  shad d i e t ,  bu t  
were no t  present  i n  the  stomachs o f  
h e r r i n g  . Herr ing  apparent ly  fed  on ly  
i n  the  water column, whereas shad fed 
a t  t he  water 's  sur face as we l l  as i n  
the  water column. 
Predators and Diseases 
Larva l  and j u v e n i l e  American shad 
probably f a l l  prey t o  a  v a r i e t y  o f  
predators. Young shad are eaten by 
American ee ls  (An u i l l a  r o s t r a t a )  and 
s t r i p e d  bass -*e saxa t i  1  i s )  
(Wal burg and ~ i c h o l s - 1 9 6 7 ) .  Onceirshad 
enter  the  ocean, they are probably 
eaten by a v a r i e t y  o f  o f f sho re  preda- 
to rs ,  i nc lud ing  sharks, tuna, and 
porpoises (Wal burg and Nicho ls  1967). 
Adu l t  shad i n  r i v e r s  seem t o  have few 
predators. 
Shad a re  r e l a t i v e l y  f r e e  o f  
severe p a r a s i t i c  i n fes ta t i ons .  Nema- 
todes, sea 1 i c e  ( isopods) , roundworms, 
trematodes, and acanthocephalans are  
common ~ a r a s i  t e s  . Sea 1 am~reys 
(Petrom zon marinus) and f reshwater  
lampreys 1 c h t h o n  spp.) have been 
observed - -  a t t a c  e t o  a d u l t  shad i n  t h e  
Connecticut R iver  (Wal burg and Nichols 
1967; R u l i f s o n  e t  a l .  1982). 
ENVIRONMENTAL REQUIREMENTS 
Temperature 
Water temperatures are  c r i t i c a l  
t o  American shad dur ing  t h e i r  l i f e  
cycle.  Most spawn a t  water temper- 
atures between 14" and 21" C; extremes 
were 8" and 26" C (Walburg and Nichols 
1967). Legget t  and Whitney (1972) 
repor ted maximum s u r v i v a l  o f  eggs and 
la rvae a t  15.5-26.6' C. Leim (1924) 
reported t h a t  temperatures o f  7" - 9" 
C were l e t h a l  t o  eggs and la rvae and 
t h a t  temperatures o f  20.0" - 23.4" C 
caused extensive 1 arva l  abnormal i t i e s .  
The lower thermal to le rance l i m i t  of 
j u v e n i l e  shad has been reported as 2"- 
4" C (Rul i f s o n  e t  a1 . 1982). Below 6" 
C; j uven i l es  l o s t  equ i l ib r ium,  ceased 
feeding, and moved s low ly  (Chi t tenden 
1972). Young shad can sense and avoid 
p o t e n t i a l l y  1 e tha l  temperatures (Moss 
1970). Shad have been c o l l e c t e d  o f f -  
shore a t  water temperatures from 3" t o  
15" C, b u t  most l i v e  i n  a temperature 
range from 5" t o  13" C (Neves and 
Depres 1979). 
Sal i n i  ty  
Although American shad eggs a re  
deposited and hatch i n  freshwater, 
some can t o l e r a t e  moderate s a l i n i t i e s .  
Eggs were successfu l ly  hatched i n  
s a l i n i t i e s  ranging from 7.5 p a r t s  per  
thousand (ppt )  a t  12" C t o  15 ppt  a t  
17" C. No eggs hatched a t  a s a l i n i t y  
of 22.5 ppt. Juven i le  shad can t o l e -  
r a t e  sharp s a l i n i t y  changes, which 
al lows them t o  use both freshwater and 
brackish waters as nursery areas 
(Chi t tenden 1973). Adu l ts  move from 
sa l twa te r  t o  f reshwater  dur ing  t h e i r  
spawning migra t ion ,  t y p i c a l l y  remain- 
i n g  i n  es tuar ies  f o r  2-3 days. Adu l t  
shad moved d i r e c t l y  from sa l twa te r  t o  
freshwater s t a r t e d  t o  d i e  a f t e r  5 
hours (Leggett and OtBoyle 1976). 
Dissolved Oxygen 
American shad u s u a l l y  spawn i n  
f lowing water a t  d isso lved oxygen (DO) 
concentrat f  ons exceeding 5.0 mgl l  
(Walburg and Nicho ls  1967). DO o f  a t  
l e a s t  4.0 mgl l  i s  necessary i n  spawn- 
i n g  areas (Chittenden 1973). Shad 
eggs i n  the  Neuse River, North 
Carol ina,  were found i n  waters w i t h  
oxygen concentrat ions between 6 and 10 
mg l l  (Hawkins 1979). M o r t a l i t y  o f  
eggs and la rvae  exposed t o  DO concen- 
t r a t i o n s  o f  2.5 t o  2.9 mg l l  was about 
50% ( S t i e r ,  i n  press), and m o r t a l i t y  
of eggs was 100% a t  DO'S below 1.0 
mg l l  (Carlson 1968). Larvae l o s t  
e q u i l i b r i u m  a t  a DO o f  3.0 mgl l ;  many 
d ied a t  DO'S below 2.0 mgl l ;  and a l l  
d ied  a t  0.6 w g l l  (Chittenden 1969). 
Juven i le  shad seem t o  p r e f e r  h igh  DO 
concentrat ions when exposed t o  a 
grad ient  b u t  can probably surv ive  low 
DO (0.5 m g l l )  f o r  several minutes i f  
they have access t o  DO above 3.0 mg l l  
(Dorfman and Westman 1970). Minimum 
Dots o f  2.5 - 3.0 mgl l  a re  probably 
s u f f i c i e n t  t o  a1 low j u v e n i l e  m ig ra t i on  
through po l  l u t e d  waters (Chittenden 
1973). Severely 1 ow DO concentrat ions 
i n  r i v e r s  can prevent the  passage o f  
a d u l t  shad t o  spawning areas upstream 
(Ru l i f son  e t  a l .  1982). 
Hater  Movement 
Proper devel opment o f  shad eggs 
requ i res  water v e l o c i t i e s  t h a t  keep 
the  eggs suspended i n  the  water 
(Sholar 1977). Spawning i s  comnon i n  
water cur rents  w i t h  a v e l o c i t y  from 
30.5 t o  91.4 cmlsec (Walburg 1960). 
Water v e l o c i t y  a1 so a f f e c t s  energy 
expenditures by a d u l t  shad t h a t  must 
move upstream t o  reach spawning areas 
(Glebe and Leggett  1981). 
Dams b lock  American shad migra- 
t i o n s  t o  upstream spawning areas, bu t  
several methods can be used t o  pass o r  
l i f t  the  f i s h  over dams. The e a r l i e s t  
designs o f t e n  f a i l e d  because water 
depths and f lows near f ishways d i d  n o t  
a t t r a c t  a d u l t  shad. Most e f f e c t i v e  
fishways c o l l e c t  f i s h  moving i n t o  one 
o r  several entrances and d i r e c t  them 
t o  a s i n g l e  fish-passage f a c i l i t y .  
Walburg and Nichols (1967) reviewed 
the h i s t o r y  and e f f i c i e n c y  o f  shad 
fishways along the  A t l a n t i c  coast; 
in format ion  i n  the  remainder o f  t h i s  
sec t ion  comes from t h e i r  repo r t .  
Fishway co l  1 e c t i o n  systems f o r  
shad should be a t  l e a s t  1.2 m deep 
and 2.4 m wide. Water v e l o c i t i e s  
should no t  exceed 1 m/sec. The 
entrances t o  the  c o l l e c t i o n  system 
should be a t  l e a s t  1.8 m wide and have 
a depth o f  a t  l e a s t  0.3 m, p re fe rab ly  
1.0 m. The v e l o c i t y  a t  t he  entrance 
should be 1.5-2.1 m/sec. 
A f t e r  shad have been a t t r a c t e d  
i n t o  the  c o l l  e c t i o n  system, several 
methods can be used t o  pass o r  l i f t  
f i s h  over dams, i nc lud ing  elevators,  
locks,  and pool -type fishways. For 
pool- type fishways, which cons is t  o f  a 
ser ies  o f  pools, each higher than the  
next  pool downstream, the  d i f f e rence  
i n  pool e leva t i on  should be about 0.25 
m. Pools should be a t  l e a s t  2.4 m 
long, 2.4 m wide, and 1.2 m deep, bu t  
the  s i z e  should be increased i f  l a r g e  
numbers o f  shad are expected t o  use 
t h e  fishway. 
Although the  present  s t a t e  o f  
engineer ing and b i o l o g i c a l  know1 edge 
appears t o  be adequate f o r  p rov id ing  
upstream passage o f  adul t s  , t h e  pro- 
blem o f  safe passage o f  young and 
adu l t s  back downstream have n o t  been 
adequately solved. F ish  must usua l l y  
pass through turb ines o r  over s p i l l -  
ways, causing considerable mor ta l  i ty. 
Tu rb id i t y ,  Substrate, and Depth 
Shad eggs exposed t o  suspended 
sediment concentrat ions as h igh  as 
1,000 mg/l d i d  no t  a f f e c t  hatching 
success (Auld and Schubel 1978). The 
m o r t a l i t y  o f  l a rvae  was h igh  a t  con- 
cent ra t ions  o f  suspended sediments 
greater  than 100 mg/l f o r  96 hours. 
American shad may spawn a t  many 
d i f f e r e n t  depths and over a v a r i e t y  o f  
substrates. They seem t o  p r e f e r  areas 
dominated by shal low water o r  broad 
f l a t s  w i t h  a sand o r  gravel  bottom 
(Mansueti and Kolb 1953; Walburg 1960; 
Legget t  1976). They a lso  spawn i n  
deeper waters adjacent t o  shoals 
( S t i e r ,  i n  press). 
A t  sea, shad tend t o  remain near 
the  bottom dur ing  the  day and move up 
i n  the  water column t o  feed a t  n i g h t  
(Neves and Depres 1979). Adul ts have 
been found a t  depths o f  20-340 m, b u t  
most occur a t  50-100 m. 
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a s s i s t  w i t h  environmental impact assessment. The American shad (Alosa sa id iss ima)  was sers t h e  most valuable food f i s h  on the A t l a n t i c  coast p r i o r  t o  the 19- u t  an ings have 
dec l ined d r a s t i c a l l y  s ince t h a t  t ime, and- spor t  f i s h i n g  has become more important than 
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